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Fish reproductionAbstract The present study showed that a lethal dose of unionized ammonia (NH3-N/l) ranged
from 0.06 to 1.5 mg/l. LC50 value 96 h of unionized ammonia was recorded as 0.8 mg/l. The mor-
tality rate reached 100% after exposure to 1.5 mg. Fertilization and hatching rates were more
affected after exposure to high concentrations of ammonia (0.5–0.6 mg/l) (p< 0.05). The number
of deformed eggs increased with increasing ammonia concentration. However, the lowest value of
deformed eggs was less affected at low doses that ranged from 0.05 to 0.25 mg NH3-N/l. Effects of
high doses of ammonia (0.5–0.6 mg/l) were more pronounced on weights of larvae than those on
lengths. There were no significant differences recorded in weight of larvae exposed to low doses
of ammonia and those of control group (p> 0.05). The lowest value of survival rate was recorded
after 60 days in groups of larvae that were exposed to high doses of unionized ammonia. Clinical
signs such as malformation in yolk sac, spine curvature and darkening in eyes as well as skin were
more pronounced after exposure to high doses of ammonia for a period of 60 days post-hatching.
 2016 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
In natural surface water, ammonia occurs in two forms ionized
ammonia NH4
+ and unionized ammonia NH3 (Paley et al.,
1993). An important source of ammonia that enters the aqua-
tic environments is agriculture run off (Brinkman, 2009).Ammonia is a well-known aquatic pollutant to fish. It is pro-
duced as an end product of nitrogenous metabolism (Evans
and Pasnik, 2006). In addition, ammonia is more toxic to fishes
at higher temperature and pH values. An increase in pH value
causes a rise in the fraction of unionized ammonia and the
water becomes toxic to fish. Water with a concentration less
than 0.02 mg/l of ionized ammonia is safe for fish reproduction
(EPA, 1999). Most fish species cannot tolerate high total
ammonia concentration. An increased ammonia level in the
environment either impairs ammonia excretion or causes a
net uptake of ammonia from the environment (Randal and
Tsui, 2002). Most lethal threshold concentrations have been
216 Z.A.E.-B. El-Greisy et al.reported in the range 0.2–0.4 mg/l NH3-N (EIFAC, 1973).
Furthermore, ammonia can act on fish nervous system and
cause some symptoms such as hyperventilation, hyperex-
citability and loss of equilibrium (Mckenzie et al., 2008). Little
information is available on the effect of ammonia on yolk sea
fry and larval stages and therefore further studies are needed.
The purpose of the present study is to evaluate the effect of
sub-lethal doses of ammonia NH3-N on yolk sac fry and
growth performance of larvae.
Materials and methods
Natural spawning of Oreochromis niloticus was carried out at
hatchery of El-Serw Station Research for fishes. The experi-
ment started on 4 June 2015 and lasted till the end of July.
The total number of fish used during the experiment was 35
females and 15 males. The weight of females ranged from
130 to 150 g, however, the weight of males ranged from 150
to 170 g.
Preparation of broodstock fish for spawning
Both males and females were put in two separate cement ponds
inside the green house hatchery at El-Serow fish farm. The fish
were fed twice a day with an artificial food containing 25–30%
proteins. The photoperiod was maintained on 18 L: 6 D cycle.
In order to obtain the yolk sac fry at the appropriate time,
males and females were mixed together for spawning. The fish
spawned after two days. The fertilized eggs were collected
using a fine meshwork. Some fertilized eggs were also collected
from incubated females by passing a current of water either on
mouth opening or gill arches. The total number of fertilized
eggs used was 2500 and was put into a holding fiber-
glass aquarium, measuring 500 L capacity filled with de-
chlorinated tap water.
Experimental design
The experiment was carried out in six glass aquaria having a
capacity of 50 L each with water depth of 24 cm. Another
set of six glass aquaria were applied as a replicate. The chem-
ical compound used was ammonium chloride (NH4Cl). The
concentration of this compound in each trial was evaluated
and adjusted according to the sub-lethal dose used. Different
parameters of water quality (pH, dissolved oxygen, tempera-
ture and hardiness) were measured using a modern remote sen-
sory device ‘‘Automatic monitoring and control system”
(AMCS) which was recently installed in hatchery of El-Serw
fish farm. The concentration of sub-lethal dose of ammonia
were evaluated in different preliminary trials and ranged from
0.05 to 0.60 mg/l. However the lethal concentration doses
LC50 (96 h) were evaluated and ranged from 0.7 to 1.5 mg/l.
The fertilized eggs were distributed in six glass aquaria (200
healthy fertilized eggs in each aquarium). The water in each
aquarium was aerated using a small compressed air pump to
maintain the oxygen concentration ranging from 6.5 to
6.9 mg/l and pH 7.6–8.0 throughout the period of experiment.
The experimental doses of ammonia were applied as follows:
(1) The first glass aquarium was used as control without the
addition of any treatment.(2) The second glass aquarium, the sub-lethal dose used was
0.05 mg of NH4Cl/l.
(3) The third glass aquarium, the sub-lethal dose used was
0.15 mg of NH4Cl/l.
(4) The fourth glass aquarium, the sub-lethal dose used was
0.25 mg of NH4Cl/l.
(5) The fifth glass aquarium, the sub-lethal dose used was
0.45 mg of NH4Cl/l.
(6) The sixth glass aquarium, the sub-lethal dose used was
0.60 mg NH4Cl/l.
We made the concentration of the ammonium stable
throughout the trial by renewing half of the amount of water
of the aquaria with fresh water containing the corresponding
required ammonium concentration every three days.
At the beginning of the experiment, the deformed eggs and
white floating eggs were removed and counted. This process
continued daily till the end of the experiment (60 days post-
hatching). The newly hatched fry weighed 0.05 mg and each
was about 6.0 mm in length. The yolk sac was absorbed after
7 days after hatching, so the external food was supplied. This
feed contained 35–40% protein. The frequency of feeding ran-
ged from 4 to 5 times a day. In order to examine the condition
of yolk sac fry in each treatment, the fertilized eggs were fixed
in Serous fluid (600 ml of 95% alcohol + 300 ml of formalde-
hyde + 100 ml of acetic acid) according to methods of
Szezerbik et al. (2008).
The fertilization rate was determined in each treatment
according to the following equation:
Fertilization rate ¼ No: of fertilized eggs
Total number of eggs
 100
The newly hatched fry rate was determined in each treat-
ment according to the equation:
Hatching rate ¼ No: of hatching eggs
No: of fertilized eggs
 100Samples collection
The samples of fish were collected after 10, 20, 50 and 60 days
post-hatching. Lengths of larvae to the nearest ‘‘cm” and
weights to the nearest ‘‘g” in each treatment were recorded.
The condition factor in each treatment was evaluated using
the equation:
Condition factor ¼ W
L3
 100
where ‘‘W” is weight of fish and ‘‘L” indicates the total length
of fish.
The survival rate was also calculated throughout the period
of the experiment and compared to the control group. The fol-
lowing equation was applied.
Survival rate ¼ No: of survived fish
Total number of fish
 100Histological observations
For each treatment, 5 newly hatched fry were collected and
then fixed either in Bouin’s solution or 10% neutral puffer for-
malin for a certain period according to the size of fry. Ovary
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eosin.
Statistical analysis
Statistical analysis between untreated group (control) and trea-
ted groups were determined according to Sokal and Rohlf
(1969). The t-test in each treatment was applied to find out a
significant difference in growth of fish in each treatment and
compare it to the control group.
Results
Water quality
The water quality characteristics were stable during the period
of experiment. The average of water temperature was 28.300
± 0.288 C with a range of 28–28.5 C. The pH value ranged
from 7.6 to 8.0 and its mean was 7.800 ± 0.163. Dissolved
oxygen ranged from 6.5 to 6.9 and its mean was 6.630
± 0.188 mg/l and hardness was 95–105 and its mean was
97.00 ± 5.70 mg/l. the concentration of ammonia used in the
present study was evaluated and ranged from 0.05 to 0.6 mg/
l NH3-N.
LC50 values
The LC50 values, 96 h of unionized ammonia (NH3-N mg/l)
on yolk sac fry was 0.8 mg NH3-N/l of water. The mortality
rate increased as the concentration of ammonia increased
and reached to a maximum value of mortality (100%) at
1.5 mg of NH3-N mg/l Table 1.
Fertilization and hatching rates
The newly hatched fry of O. niloticus weighed about 0.05 mg
and measured 6 mm in length. It is very weak and more sensi-
tive for any changes in aquatic environment than fingerlings
and older fish (Fig. 1a). Effect of ammonia on the percentage
of fertilization and hatching rates showed that both rates in the
fry treated with low doses of ammonia from 0.05 to 25 mg/l
were not significantly different from the control (p> 0.05) as
shown in Table 2. However, the lowest fertilization and hatch-
ing rates were recorded at increased concentration doses of
ammonia from 0.5 mg to 0.6 mg NH3-N/l. Comparing these
values to that of the control group, it was found that these val-
ues were significantly different (p< 0.05). The number ofTable 1 Effect of lethal doses ‘‘LC50, 96 h” at various
concentrations of ammonia–nitrogen (mg/l) on mortality of
yolk sac fry of Oreochromis niloticus.
Parameters Concentration of ammonia NH3-N (mg/l)
Time (hours) 48 96 115 135 147 165 180 192
NH3-N (mg/l) 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.5
Mortality rate (%) 45 50 55 60 70 81 90 100
*Number of fertilized eggs exposed to the lethal dose was 50 in each
treatment.deformed eggs increased with increasing doses of ammonia
concentration. However the lowest value of deformed eggs
was recorded in doses that ranged from 0.05 to 0.25 mg
NH3-N/l and it was insignificantly different compared to the
control group (p> 0.05) as shown in Table 2.
Growth rate
Differences between the average of total length of larvae
(20 days post-hatching) in control group and those fry exposed
to ammonia concentration at different sub-lethal doses varying
from 0.05 to 0.6 mg NH3-N/l were found to be insignificant
(p> 0.05). However, difference between the average weights
of the control and those exposed to polluted water with ammo-
nia was significantly different (p< 0.05) as shown in Table 3.
After 60 days of post hatching larvae, the average weights
were significantly affected, but those larvae that were exposed
to low doses of ammonia were insignificantly different. How-
ever, the differences were recorded in weights of larvae that
were exposed to high doses of 0.5–0.6 mg NH3-N/l and control
group (p< 0.05) (Table 4). The final condition values were not
affected even though the highest ammonia concentration
Table 4.
Survival rate
The lowest values of survival rate were recorded after a period
of 20 days and 60 days in groups of larvae that were exposed to
high dose values of unionized ammonia (NH3-N mg/l) with a
high significant difference (p< 0.05). The larvae treated with
low dose levels (0.05–0.25 mg) showed insignificant differences
compared to the control as shown in Tables 3 and 4.
Behavior and quality of newly hatched larvae
The larvae exposed to a high concentration of unionized
ammonia NH3-N (0.5–0.6 mg/l) showed clinical signs such as
malformation in yolk sac, body shortening, darkening in eye
and cardiac edema, spine curvature (Fig. 1b–e). The behavior
of the larvae after exposure to high doses of ammonia
appeared in forms of lost equilibrium in water and appeared
to swim near to the sideways of pond wall. Some larvae
appeared below the surface of water and tried to gasp external
oxygen. The skin appeared pale in some larvae and mucous
increased in both skin and gill. Furthermore the larvae failed
to convert into exogenous feeding, so mortality increased.
On the contrary, the control group larvae converted shortly
to exogenous feeding and they were able to feed after swim-
ming freely.
Pathological lesions in gills
In newly hatched fry of O. niloticus (7 days post-hatching) the
gills were firstly observed on both sides of the head and sup-
porting externally with operculum covering. The gill consisted
of functional units of filaments and few numbers of secondary
lamellae under development (Fig. 2A and B). In control large
fish (60 day post-hatching) the gill clearly consisted of gill
arches and gill lamellae. The gill arches are supported by bron-
chial arches of the branchiocranium. There are four gill arches
Figure 1 Yolk sac fry of Oreochromis niloticus: (a) yolk sac larvae (b) yolk sac deformation (c) body shortening (d) darkening in eyes (e)
cardiac edema.
Table 2 Effect of ammonia–nitrogen (mg/l) on the percentage of fertilization (96 h post-hatching, deformed eggs and hatching rate
(7 days post-hatching) of Oreochromis niloticus.
Variable Concentration of ammonia NH3-N (mg/l)
Control 0.05 0.15 0.25 0.45 0.6
Fertilized eggs 96.0 ± 1.58 94.0 ± 1.14 90.0 ± 2.38 89.192 ± 0.00 76 ± 2.07 72 ± 3.11
Deformed eggs 04.0 ± 1.58 05.4 ± 1.14 09.8 ± 2.38 10.800 ± 1.40 24 ± 2.07 28 ± 3.11
Hatching rate (%) 93.0 ± 2.54 91.0 ± 1.58 89.0 ± 1.58 79.000 ± 2.64 73 ± 3.02 66 ± 3.34
*Number of yolk sac fry exposed in each treatment was 200.
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Each gill arch has two rows of filaments located inside the
opercular cavity. The secondary lamellae play an important
role as actual site of gas exchange with water and project from
the both sides of each filament. The structure of gill lamellae is
composed of thin squamous epithelium covering with pillar
cell which is used for supporting the blood sinusoids. The gills
on each side of the head in control group appeared free from
any pathological lesions either from morphological appear-
ance or after histological examination (Fig. 2C).Slight pathological alternations were observed in gills of
fish (60 days post-hatching) that were exposed to low doses
of ammonia concentration. These pathological alterations
were mainly observed on the top of filaments and lamellar
epithelium (Fig. 2D). Some modifications were observed in
gills of fish that were exposed to 3 mg NH3-N/l (60 days
post-hatching). These pathological lesions were represented
as degeneration of some secondary lamellae, hyperplasia of
epithelial cells on the top of filaments and aggregated amount
of blood cells inside vaculations that are located on the margin
Table 3 Mean ammonia–nitrogen concentration and various parameters of larvae Oreochromis niloticus 20 days post-hatching larvae.
Variable Concentration of ammonia NH3-N (mg/l)
Control 0.05 0.15 0.25 0.45 0.60
Lengths (cm) 1.44 1.34 1.24 1.22 1.23* 1.13*
(0.187) (0.158) (0.133) (0.109) (0.187) (0.173)
Weights (g) 0.342 0.326 0.287 0.251 0.260* 0.216*
(0.048) (0.078) (0.054) (0.053) (0.071) (0.035)
Survival at end 20 days hatching 97.33 95.66 87.33 78.66 74 69.66*
(2.05) (3.29) (2.05) (7.03) (2.94) (2.62)
Asterisks indicated that significant differences were recorded between the control group larvae and those exposed to high doses of ammonia–
nitrogen, 0.60 mg ammonia NH3-N/l (p< 0.05). SD in parentheses.
Table 4 Mean ammonia–nitrogen concentration and various parameters (SD in parentheses) in larvae of Oreochromis niloticus
80 days post-hatching.
Variable Concentration of ammonia NH3-N mg/l
0 0.05 0.15 0.25 0.45 0.6
Final lengths (cm) 3.75 3.6 3.28 3.266 3.11 *3.04
(0.563) (0.312) (0.375) (0.217) (0.208) (0.18)
Final weight ‘‘g” 0.97 0.859 0.63 0.62 *0.45 *0.46
(0.396) (0.209) (0.225) (0.127) (0.08) (0.12)
Survival through the end test 86.66 82.66 79 75 73.33 *61.66
(3.39) (5.43) (5.35) (3.55) (4.64) (3.39)
Final condition value 1.84 1.83 1.82 1.75 1.57 *1.53
(0.04) (0.02) (0.09) (0.05) (0.05) (0.061)
Asterisks indicated high significant differences between control group larvae and those exposed to high dose 0.6 mg of ammonia NH3-N/l
(p< 0.05).
Effect of prolonged ammonia toxicity on Nile tilapia 219of filaments. Pillar cells and blood sinusoids that compose the
secondary lamellae showed degenerated hyperplasia of epithe-
lial cells at the base of filaments (Fig. 3A).
Sever lesions were observed in the fish gills (60 days post-
hatching) that were exposed to high concentrations of ammo-
nia NH3-N (0.5 mg/l). The most important changes found in
gills of O. niloticus were hyperplasia of epithelial cells espe-
cially on the top of filaments. The secondary lamellae appeared
in abnormal structure where blood sinusoids were degenerated
and necrosis in pillar cells that support the blood sinusoids.
Hyperplasia in the epithelial cells at the base of filaments
was also observed. The gill lamellae decreased in height and
the filaments increased in thickness, containing large empty
vacuoles in their centers (Fig. 3B).
The most striking lesions were observed in gill arch of O.
niloticus (60 days post-hatching) that were exposed to a high
dose of ammonia concentration (0.6 mg NH3N/l). The most
important changes were found in secondary lamella and gill fil-
aments. About 100% in total number of secondary lamellae
were degenerated and most epithelial cells were found in
hyperplasia. The pillar cells that support blood sinusoids were
degenerated and appeared in necrosis state. A lot of blood
hemorrhage was collected at the base of gill filaments
(Fig. 3C).Discussion
Early developmental stages of fish are known to be sensitive to
ammonia pollution (Aysel and Gulten, 2005). In the present
study, the lethal dose of LC50 value 96 h of unionized ammo-
nia varied from 0.7 to 1.5 mg/l NH3-N. The acute toxicity of
ammonia (96 h) on yolk sac fry was 0.8 mg NH3-N/l. The
effect of lethal dose varies from species to another even inside
the same species. These effects depend upon the size, sensitivity
of fry fish and a period of exposure to the lethal dose of union-
ized ammonia. In the present study, the effect of ammonia on
fertilized eggs and hatching rates as well as deformed eggs was
more pronounced as the doses of ammonia increased. How-
ever, low doses retarded the success of hatching rate. Contrast
to the present results, Brinkman (2009) found that rainbow
trout and yolk sac fry were more resistant to lethal effects of
ammonia. He also stated that hatching success and yolk sac
fry survival were unaffected by exposure to 16.8 mg NH3-N/
l. The difference between the obtained results and the other
results may be the sensitivity of fish, which varies from one
species to another. In this respect, Rice and Stockes (1975)
and Calamari et al. (1981) determined that rainbow trout
swimming up fry were at least three times more sensitive than
eggs and about twice as sensitive as sac fry. However,
Figure 2 Photomierograph sections (A–D) in control and treated gills of O. niloticus (7–60 days of post-hatching). (A) Newly hatched
fry of O. niloticus (7 days post-hatching) showing normal structure in both filaments (F) and secondary lamellae (L) H & E, 100. (B)
Magnification in some section in gill of O. niloticus (7.0 days of post-hatching) showing magnified picture of gill tissue where the secondary
lamellae (L) and filaments (F) were clearly observed (H & E, 400). (C) Photomicrograph section in control gill fish of O. niloticus
(60 days post-thatching) showing normal structure in both of gill filaments (F) and secondary lamellae (L) H & E, 100. (D)
Photomicrograph section in treated gill fish of O. niloticus (60 days post-hatching) treated with polluted ammonia (0.1 mg NH3-N/l)
showing slight pathological alteration at the top of filaments (F) and lamellar epithelium (L) H & E, 100.
220 Z.A.E.-B. El-Greisy et al.Burkhalter and Kaya (1977) found no effect hatching success
at total ammonia concentration as high as 8 mg NH3-N/l. As
in the present results pH values were adjusted to be ranging
from 7.6 to 8.0 to prevent any increase in ammonia production
in fish. In the present results, dissolved oxygen was adjusted to
range from 6.5 to 6.9 mg/l. Any decrease in DO may increase
the production of ammonia which affects health condition of
the fish. In this respect, relative tolerance to unionized ammo-
nia (UIA) may be attributed to water quality differences, for
example when DO is low, UIA is more toxic to fish (Daud
et al., 1988).
In the present study, the hardness of water was 97 mg/l dur-
ing the period of study, so the water was relatively hard. After
60 days of post-hatching, there were no significant differences
in weight of larvae between those exposed to low doses of
ammonia NH3-N/l and those in control group, but in weights
of larvae that were exposed to high doses (0.5–0.6 mg NH3-N/
l) it was significant (p< 0.05). These results were in agreement
with those of Karasu Benli and Koksal (2005). In this trend,
El-Sherif and El Feky (2008) studied on fingerlings of O. niloti-
cus and found that growth performance was significantly
decreased (p< 0.05) with increasing concentration of UIA-
N. The decreasing growth as demonstrated in the present study
may be attributed to the effect of ammonia on metabolism or
inhibition of physical activity which led to retarded growth
and development. In contrast to our results Smith and piper
(1975) and Thurston et al. (1984) studied on other fishes and
found that ammonia concentration did not have an effect ongrowth, reproduction or mortality. As demonstrated in the
present study, the behavior changes were noted on larvae after
prolonged exposure to UIA concentrations. Clinical signs such
as malformation in yolk sac, body shortening and darkening in
skin as well as eyes were recorded.
These clinical signs appeared in forms of lost larvae equilib-
rium in water and they tried to swim toward the surface of
water. Behavior changes were noted also with UIA exposure
of Nile tilapia exposed to higher UIA concentration first expe-
rienced mortalities within 4 h and exhibition decreasing swim-
ming activity and darkened coloration within 21 h (Evans and
Pasnik, 2006). Shingles et al. (2001) and Wicks et al. (2002)
indicated that high ammonia concentrations probably decrease
muscle membrane potential and alter muscle metabolism, sub-
sequently causing decreased swimming activity.
Finally, gill tissues of Nile tilapia, O. niloticus after 60 days
of exposure to 0.1 mg NH3-N/l revealed slight pathological
alterations in both lamellar epithelium and top of filaments
which were recorded. The same results were obtained by
Smith and Piper (1975) who reported that mild pathological
changes appeared in gills (hyperplasia of epithelium) of rain-
bow trout when their fish were exposed to 0.025 mg/l NH3-
N/l. Also, El-Sherif and El Feky (2008) found that the tissue
from gill of Nile tilapia (O. niloticus) after 75 days of exposure
to 0.01 mg/l UIA-N concentration showed slight pathological
alteration in secondary lamellae and mild hyperplasia of
epithelium. In my opinion, it seems that, the effect of low doses
of ammonia on gill tissues reveal their pathological effects after
Figure 3 Photomicrograph sections (A–C) in treated fish gills of O. niloticus (60 days post-hatching) with different doses of ammonia
concentrations which ranged from 0.3 to 0.6 mg/l: (A) Photomicrograph section in treated gill of O. niloticus (60 days post-hatching)
treated with ammonia (0.3 mg NH3-N/l), showing same modification in both secondary lamellae (L) and epithelial cell on the top of
filaments (F) H & E, 400. (B) Photomicrograph section in treated gill fish of O. niloticus (60 days of post-hatching) treated with ammonia
(0.5 mg NH3-N/l) showing sever lesions in epithelial cells of filaments (F), secondary lamellae (L) appeared in abnormal structure and
necrosis of pillar cells that support the blood sinusoids were observed (H & E, 400). (C) Photomicrograph section in treated gill fish of O.
niloticus (60 days post-hatching) treated with ammonia (0.6 mg NH3-N/l) showing the most of secondary lamellae (L) were degenerated.
The pillar cells supporting blood sinusoids were deformed and appeared in necrosis state. A great amount of blood hemorrhage was
aggregated in vacuoles at the base of gill filaments (F) (H & E, 100).
Effect of prolonged ammonia toxicity on Nile tilapia 221a long period of exposure. However, effect of high doses of
ammonia exhibit its effects faster in a short period of exposure.
Therefore, the doses of ammonia less than 0.01 mg/l are con-
sidered as the maximum allowable concentrations for fish cul-
ture as recorded by Karasu Benli and Koksal (2005).
Furthermore, the effect of ammonia on gill tissue may be var-
ied according to species, period of exposure, size of fish and
doses used of ammonia. Moreover, dissolved oxygen, pH
and temperature play an important role in increasing or reduc-
ing the effect of ammonia NH3-N concentration. So, the
parameters of water quality must be adjusted throughout the
experimental period as represented in our study. It is clear that,
the first problem on O. niloticus would be recorded on gill tis-
sue when the ammonia NH3-N concentration in water
increases. Similar results were obtained by Karasu Benli and
Koksal (2005) on O. niloticus who reported that the large tila-
pia fish are among the most tolerant species to ammonia.
However tilapia larvae are less tolerant to ammonia than fin-
gerlings and adult fish. Furthermore in this field, Wong
(1989) reported that tilapia can withstand a reasonably pol-
luted environment, feeding on animal manure even sewage
sludge. As described in the present study, an increase in ammo-
nia concentration from 0.5 to 0.6 mg/l for 60 days of exposure
led to sever lesions in gill tissues. The most important changeswere found in secondary lamellae and gill filaments. In this
respect, Aysel and Gulten (2005) reported gill hyperplasia,
degeneration of epithelium when the gill tissues exposed to
highest UIA-N concentration.
Conclusion
Based upon this study, it can be concluded that an increase in
ammonia concentration NH3-N above sublethal doses inhibits
hatchability, growth and increases the mortality of O. niloticus
larvae after a prolonged period of exposure to ammonia
toxicity.
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